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Abstract. Though model-driven engineering (MDE) methodology has made
significant improvements in terms of efficiency and effectiveness in many areas
of software development, the same cannot be said in the development of data
visualization systems. With this challenge in mind, this paper introduces DVDL,
a modular and hierarchical visualization description language that take advan-
tage of the model-based design of MDE to describe visualization development at
an abstract level. This paper also presents DVIZ, a visualization system based on
DVDL. With a growing popularity and demand for data visualization technol-
ogy, a number of visualization tools have emerged in recent years, though few
would be considered as adaptable and scalable as DVIZ. Some of its key fea-
tures include the ability for users to select data source, configure properties of
visual elements, publish and share result. The system also supports real-time
result generation and multi-visuals interaction. Lastly, since DVIZ is web-based,
it supports distribution of result across various social media.

Keywords: Visualization system - User interface description language -
Model-driven development methodology - End user programming

1 Introduction

With visualization, one can discover new information and obtain deep understanding
behind the vast amount of data presented to them. With an increasing need for this kind
of visual communication, more is needed to be invested in development of data
visualization tools. Development of visualization tools requires many steps, including
data conversion, visual mapping, view conversion and more [1], which can be achieved
with a model-driven approach. Model-driven engineering (MDE) is a software
development methodology that focuses on creating and exploiting conceptual models
to solve a specific problem. This approach, aimed to increase productivity and simplify
the design process by maximizing compatibility between systems, has proven to be
efficient and effective in the development of interactive application sequences. External
library like Prefuse [2] and Lyra [5] are examples of visual development tools that
reflects the principles of model-driven approach. Nonetheless, model-driven approach
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is not without some notable compromises that prevent wide adoptions in area of data
visualization system development. For one, models created in the process are often too
specific to be applied appropriately by most visualization system development tools.
This also makes them difficult to be reused. Additionally, most visualization system
development tools are difficult to use and incompatible to rescale. Given these chal-
lenges, model-driven methodology is still not popular by visualization system
developers.

This paper introduces DVDL, a description language that paves the groundwork for
developing visualization systems. DVDL inherits many properties from E-UIDL, an
extendable user interface description language that divides the user interface into seven
modules using a modular and hierarchical design. Fundamentally, DVDL is a speci-
fication language that is built on the principles of model-driven engineering. The paper
also presents DVIZ, a versatile and scalable visualization system developed with
DVDL description language. This system allows users to organize and import their data
sources, configure properties and setting, publish and share results.

The rest of this paper is structured in five sections. The first section serves as an
in-depth study of model-driven design and brief description of several visualization aid
development tools currently available. Then, the second section introduces and
describes DVDL and its qualities. Next, the third section focuses on the design and
implementation of DVIZ visualization system and its relation to DVDL. Section 4
provides some preliminary examples of data visualization using DVIZ. Finally, the fifth
section is a brief conclusion and discussion for the paper.

2 Related Works

2.1 Model-Driven Methodology and Description Language

Model-driven engineering methodology is designed to improve efficiency and pro-
ductivity of a software development process by systematizing the process into different
abstract models. This design has been verified in the development of interactive
applications [6-8]. User interface description language, or UIDL, is a description
language based on model-driven development methodology. By working with abstract
models, designers and developers are able to collaborate on creating user interfaces in a
standardized and synchronized manner. Some popular examples of UIDL for tradi-
tional graphic interface include UIML, XML, DSIL, XIML, UsiXML and MARIA.
E-UIDL [9, 10] takes advantage of these characteristics of UIDL, and enhances them
with supports for scaling and abstraction, to deliver a new model of UIDL and related
tools. Some other description languages worth mentioning are VisQL and Vega. VisQL
is designed by van Vijk [11] to help describe transitions and navigations of visuals.
This language tackles the issue on an algorithmic level by establishing the mathe-
matical model of the interaction process and giving an equivalent description. VisQL
evolves from Polaris. Thus, it shares similar features like organizing data query,
analysis and visuals, as well as supporting multiple types of visualization type, such as
table, graph, map and timeline. VisQL continues to evolve over time, now supporting
design and implementation of Tableau system. However, since VisQL has not been
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made public, we are unable to examine its scalability and other properties. Vega, on the
other hand, is a new visual declarative language designed by Jeffrey Heer [12, 13]
based on his experience with visualization development tools [2, 3] and systems [5].
Vega is in the format of JSON. Incorporating declarative programming concept, the
language and its related tools and systems are useful for developing visuals, by dividing
the visuals into several key abstract components, such as data, data transform, scales,
guides, and marks. However, when it was originally conceived, Vega primarily con-
cerns development of a single visual and thus it has difficulties when required to
generate and interact with multiple visuals.

2.2 Visualization Systems

Visualization systems are applications designed to visualize data by designers and
end-users. They are intuitive and easy-to-use, and do not require much effort or prior
experience in order to generate a visual. Though, because of high level of abstraction,
these applications are usually not as versatile in terms of data analysis. Visualization
systems can be categorize into grammar-based and chart-based. Generally, grammar-
based visualization systems are more versatile in term of functionalities and allows more
customization by users than chart-based systems, which only require the user to select
the visualization method. Though, the latter system excels in the area of affordance and
is more suitable for people with little background in design. Examples of chart-based
visualization systems include Many Eyes [14], which begins with the option for users to
select the visualization method after importing the data. Then, it will generate the visuals
based on the selected method and appropriate configurations. The system provides a
compatible data model, which in theory would facilitate the addition of new visual-
ization methods. In reality, the system performs poorly because models and association
between interaction and visualization are often not properly defined. Likewise, Polaris
[4] describes the visualization at the graphics level and is able to generate multi-
dimensional visual from data using scatter plot. Polaris is based on Tableau, and has
achieved great success among corporations. Also, another example would be Para-
noramicData [15], which also supports hand and pen gestures to facilitate visual and
associative analysis. However, this system can only follow few basic visualization
methods and has no model supports, and thus not suitable for more complex data
analysis. All of the systems mentioned do not support option to share result, with the
exception of Many Eyes, and so distribution of results would be an issue.

3 DVDL

3.1 Design Features

E-UIDL [10] is a model-driven user interface description language. It incorporates
modular design principles by dividing the user interface into seven modules: AFUI,
CUIL, ADATAMODEL, CDATAMODEL, UM2, MAPPING and RESOURCE.
E-UIDL supports multi-layer definition of user interface, and is noted for its



14 Y. Du et al.

independence, scalability, and reusability. With E-UIDL, one can implement pen-based
and adaptive user interface as well as interface generation automation [9].

DVDL, an acronym for data visualization description language, combines some of
the key features of E-UIDL with characteristics of data visualization to provide a
description language for developing visualization systems. DVDL inherits several of
main properties from its source. For one, DVDL is modular. With regards to data
visualization, it is able to describe each of the sub-systems, such as data source, layout,
visualization methods, configuration settings and data association, independently. This
modular approach not only improves the readability of DVDL itself, but it also
enhances the reusability of each modules. Though, the degree of improvement depends
on the granularity of modules. DVDL also supports multi-layer description. This
feature allows it to make certain assumptions and basic recommendations in terms of
type of visualization based on the description at different abstract layers. Therefore,
with DVDL, one can develop data visuals more efficiently. Moreover, DVDL is
designed with scalability in mind. Regardless how current visualization and interactive
technology evolves or new ones emerge, DVDL is able to continue to provide support
given its modular nature.

3.2 Component Modules

Based on the design principles of modularity, hierarchy, and scalability, we are able to
offer a graphic interpretation of DVDL (Fig. 1). Figure 1 is a graphic representation of
the XML schema that describes the structure of DVDL. In the diagram, each rectangle
represents a component. The plus “+” or minus “—” signs following each rectangle
indicate whether if the component is expanded. The number values underneath each
rectangle represent the number of times the component is permitted to appear. The
rectangles marked “S”, “C”, and “A” signifies “Sequence”, “Choice” and “All” models,
respectively. DVDL is the root structure of data visualization description language. It
includes the basic attributes of a visualization description file, such as visual identifier,
name, and version information. As shown in Fig. 1, DVDL consists of five modules:
AFUI, CV, ADATAMODEL, CVDATAMODEL and MAPPING. DVDL has a
one-to-many mapping with each of its modules. This means that in a DVIZ system,
each interface description file may include one or more CV, CVDATAMODEL or
MAPPING. Because of the reasonable abstraction of interface description in E-UIDL
and similarity between developing visualization and user interface, DVDL inherits the
description of AFUI, ADATAMODEL and MAPPING from E-UIDL. For more
information regarding E-UIDL description of AFUI, ADATAMODEL and MAPPING,
refer to literature [10].

The CV module is defined as the concrete description of the DVDL model, whose
XML schema is shown in Fig. 2. From this figure, we see that the CV module stays
relatively independent from the individual nodes. Having these modules independent
can ensure reusability at an abstract level. Thus, this design gives developers the
flexibility to add new visual support, or remove unwanted ones. The nodes currently
shown in Fig. 2 include different visualization method such as line chart, histogram,
scattered plot, pie chart, radar chart, chord diagram, K-line graph, force graph, point
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Fig. 1. Graphic representation XML schema of DVDL
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Fig. 2. XML schema diagram of CV module
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map, line map and custom graph. Abstract user interface description module and CV
module has a one-to-many mapping, which means that one type of abstract Ul
description module can implement multiple types of CV modules. Take scatter plot for
instance, exemplified in Fig. 3, the XML scheme illustrates that the plot consists of
three major visual elements: common attributes, axis and points. With certain degree of
abstraction, these three elements can be further dissect into properties. For example, as
shown in the figure, common attributes includes title, legend and range; axis include
both x- and y- axis, and point includes size, color, shape. With this description, one can
configure the properties of scatter plot element and deduce the relation between the plot
and the data. The CVDATAMODEL module is defined as the concrete data description
of the DVDL model. This module is responsible for constructing the visual description.
In the current version of DVDL, we have defined two types of visualization structure,
namely tabular and network. These two types are denoted as “CTable” and “CGraph”.

Title +

%CommonAttr‘ -H S F{ Legend ‘*l—

0e ]

Q-0 ‘ 1--41 ‘

‘ ScatterPlot‘ - H S F% Axis

Fig. 3. Graphic representation of XML schema of scatter plot submodule in CV

4 DVIZ

4.1 System Architecture

With DVDL description language, we are able to design and implement a visual
generation system named DVIZ. This system incorporates CV, CVDATAMODEL and
MAPPING modules from DVDL to output a visual from the data input. DVIZ is
divided into three components: data processing engine, visualization engine and result
generating engine. The system architecture is illustrated in Fig. 4.
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Fig. 4. System architecture

First, the user interacts with the data processing engine. Essentially, the data pro-
cessing engine takes in the data source and processes it based on a visualization
method. While processing, the engine is able to organize the data into tabular structure
or network structure, depending on the input data type. The structure of the data can
later be altered, thanks to interoperability between the two structure types. The pro-
cessed data is then stored in the CVDATAMODEL module in DVDL form using
DVDL generator, where it will stay until for further operations. The data processing
engine is divided into 3 sub-modules, namely file parser, database parser and data
service parser. The file parser can read up to four tabular file types (.CSV, .TXT, .XLS,
and .XLSX) and two network file types ((GML and .GEXF). The database parser is
able to parse relational databases like MySQL, Oracle, SQLServer, as well as NoSQL
database types like MongoDB. The data service parser can parse both static and
dynamic data service, including those from third-parties.

Second, the user interacts with the visualization engine. The visualization engine is
considered to be the core component of DVIZ. It collects the processed data from the
data processing engine and generates a series of visualization configurations based on
the DVDL description. The engine is comprised of different configuration modules for
layout, visual types, graphics, and association. Layout is the overall presentation of the
visual result, for instance the visual and controls displayed. Visual type defines the type



18 Y. Du et al.

of visual and other presenting elements. Graphics describes in detail of all the elements
required for visualization, such as scale of the axis, color, size. Finally, association is
responsible for defining the relation among visualization elements, or between the
elements and the setting. Combining the information of all the configuration modules,
the visualization engine is able to generate the processed data. The result is stored in the
CV and MAPPING modules using DVDL generator, where it stays until the engine is
prepared to generate and share the final product.

Lastly, the result generating engine is the last stage of the process where the final
visual is generated and shared. The engine is divided into 3 sub-modules for gener-
ating, sharing and storing the final result. The engine takes in the DVDL description
processed by the data processing engine and the visualization engine, and outputs the
visual based on the data using DVDL parser. When the visualization process is
complete, the user is presented with the option to save the result on the cloud or share it
on social media such as Weibo, WeChat and Tencent QQ. The link to the result can be
accessed anywhere through the web.

4.2 Features and User Operations

Loading Data. DVIZ is organized in two interfaces — data source page and visual-
ization page. Data source page is used when selecting data and saving visuals, whereas
visualization page is used to display the current visualization result. By organizing the
user interface as such, DVIZ can manage data and visual efficiently and users can
navigate through the application intuitively. After creating a ‘project’, the user is given
the option to upload data source onto the system. Currently, DVIZ supports up to 5 files,
3 relational databases, 1 non-relational database and 2 data services. Steps to upload data
source is illustrated in Fig. 5. First, user selects the data source type (Fig. 5al). Then the

Select data source Configure visual properties Publish and share

H . = L,Lﬂut‘uLLhhl}hmmynym [ 4

| —
> T ER S
DVDL |

Fig. 5. DVIZ system interface, including options to select (al), upload and preview (a2) data
source, configure layout (b1) and visualization properties (b2), preview (c1) and share (c2) results.
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user formulates data details and preview portions of data (Fig. 5a2). Lastly, the user
checks for final adjustment. After each step, CVDATAMODEL will automatically
update itself and the data is uploaded. Take an arbitrary .CSV file for instance, exem-
plified in Fig. 5, after step A, CVDATAMODEL would update its unique identifier,
column name, column types and other properties (Table 1).

Table 1. CDATAMODEL instance in JSON format

id:"cdataldee4b2c05¢5",
desc:"cdatasample",
type:"ctable",
header:["Car", "MPG", "Cylinders", "Displacement”, "Horsepower", "Weight", "Accelera-
tion", "Model", "Origin"],
value:[
["Chevrolet Chevelle Malibu", 18, 8,307, 130, 3504, 12, 70, "US"],
["Buick Skylark", 320, 15, 8, 350, 165, 3693, 11.5, 70, "US"],

type:["nominal", "ordinal", "ordinal", "ordinal", "ordinal", "ordinal", "ordinal", "ordinal",
"nominal"]}

1
s

Configuring Visual Settings. After the data is successfully uploaded, the user is able
to arrange the presentation of the visualization on the configuration panel. The user has
the option to select or reset data source, change layout, adjust data correlation, move
visuals, as well as many other features. As demonstrated in Fig. 6, the screen is divided
into two sections. On one side, the user is presented with the current visualization, and
on the other side, the user is presented with configuration panel that allows the user to
“drag and drop” and display changes in real time. The system supports the use of
multiple data sources in the same visualization result, and allows user to replace data
source if needed. Different diagrams or charts support different configuration items,
which also can be accessed via the configuration panel, as shown in Fig. 7. In the
figure, the interface is divided in two parts. On the left, the user sees the default scatter
plot generated by the application when the dataset is initially uploaded, with elements
like x-, y- axis and color pre-defined. On the right, the user is given the option to
customize these elements as well as define new ones, such as creating a title, adding
grid or highlight data points. If the result contains multiple visuals, then it is necessary
to define the relation between them. Association configuration allows multiple graphs
to communicate with one another. Thus, when multiple diagrams or charts are asso-
ciated, any changes or adjustment made on one visual will reflect correspondingly on
other one. DVIZ provides four pre-build layout options as well as option to customize
layout for users to arrange their data at will. After the layout is finalized, the selected
layout is displayed. DVIZ also provides users several theme choices, so that even users
with no prior experience in visual design are able to produce an appealing and stylized
visual with little effort. The final layout and visual is displayed in the display panel.
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Fig. 6. Visual configuration interface, including options to view data fields (a), change or
re-upload data source (b), change layout (c), change theme (d), preview result (e), share or delete
page (f) and define data/visual associations (g).
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Fig. 7. Configuration interface for a scatter plot, including visual preview (left) and
configuration panels (right)

Publishing Result. After the user is satisfied with their visual, the visualization pro-
cess is complete. DVIZ will then provide the user with an URL link for sharing, as
shown in Fig. 6¢c1. With that URL, the user can import the visual onto their personal
web page, presentation or paper, or share link via various social media such as Weibo
and WeChat, as shown in Fig. 6¢2.

5 Use Cases

DVIZ supports a variety of data types, and both static and dynamic data services. In a
static service, the parameter values do not change with respect to time, whereas in a
dynamic service, parameter values vary over time. An example of a static service is
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shown in Fig. 8. Here, we define how DVIZ should treat data service as data source,
design and generate visual. In this example, we include two different data services,
named service 1 and service 2. Service 1 gives the current nation-wide air quality. It
includes a parameter called “type”, which the user can select different air quality index,
PM2.5 for example. After connecting to the server, DVIZ will show the generated
visual on the display panel, as shown in Fig. 9. After which, user can further design
and configure other properties on the visual.

* HRREFR  sexvicel
* z‘ﬁ%ﬁﬁ&k air quality demo

* RE1EE http://www. ms. dviz. cn/cgi

)

http://www. ms. dviz. a/cgi-bin/ds. py?*type=pm2. 5

ERRS
© iR expic ]
2WE type SHM m2.5 © bz

Fig. 8. Static data service configuration interface
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Fig. 9. Data preview interface

An example of the configuration panel for a dynamic service is displayed in
Fig. 10. The data in this Figure shows the nation-wide status of PM2.5 in the period
from January 1, 2015 to January 31, 2015. After connecting to the dynamic service,
data with corresponding initial parameter is displayed on the preview panel. After
further configuring, the visual with dynamic service is shown in the display panel, as
shown in Fig. 11. Since this is a dynamic service, the visual will change over time.



22 Y. Du et al.

RESHEE

O g LAsETRIER

SHE [trve SHH [me. 5 © il
SHE ftine S48 20150101 o i
[BIFR (F4) |1

SHER | tine v | f2841E 20150101 2l

Fig. 10. Dynamic data service configuration interface

SSRELES = pio

EhTSRE 8 pm10 B pm2s

I A T 1 T T O S

s ARE 5K X2 =8 WE B Ip F W1 Bl BER &R IT BE 21

Fig. 11. Displayed result preview

6 Conclusion and Discussion

In brief, this paper discusses DVDL, a model-driven data visualization description
language that inherits from E-UIDL. The paper also introduces DVIZ, a visualization
system developed with DVDL, and explains its design and implementation. DVIZ uses
CV, CVDATAMODEL and MAPPING models from DVDL model, and allows users
to generate and configure visuals based on data in real-time. The system supports both
static and dynamic data service, creating a visual that varies with time or changes with
parameters. The system can also make association between multiple visuals. Finally,
since DVIZ is also web-based, it supports sharing and publication of result on social
media.
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Comparing to other visualization systems currently exist, the most important fea-
ture of DVIZ is that the system is based on DVDL, an extensible description language.
Because of this flexibility, one can with DVDL to develop other visualization systems,
like DVIZ, that are specifically catered to visualization engineers, statisticians or per-
sonnel across other professions. For example, if system A and B are both developed
with DVDL for statisticians and visualization engineers, respectively, when importing
visuals designed by system A to system B, visualization engineers can further inves-
tigate the details of a given data along with existing visuals. This way, cost on com-
munication is minimized when a statistician and a visualization engineer collaborate on
a visualization task [16]. DVDL’s modular and hierarchical design method enables the
possibility for conversion and collaboration between multiple systems.

DVIZ also has some shortcomings. For one, DVIZ does not supports operations on
the data while in the configuration panel. Also, DVIZ currently only supports 9 visual
types. To improve DVIZ for future uses, we can have statistical index of existing data
to reflect any changes in configuration in real-time, as well as to add supports for more
visual types, such as parallel coordinates.

Although E-UIDL has demonstrated that the modular description language for user
interface may expands to new interface elements and interactions, visualization has its
own unique characteristics. Based on current investigation and study, the logical next
step would be to further explore the applications of all the DVDL modules, and to build
on top of the existing functions, for example the option to give recommendations based
on data uploaded.
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